Mechanisms of thermal barrier coating degradation and failure by Demasi, J. T. & Sheffler, K. D.
J.T. DeMasl and K . D .  S h e f f l e r  
P r a t t  8, Whltney A l r c r a f t  
East H a r t f o r d ,  Connect lcu t  06108 
Th is  p r e s e n t a t i o n  descr ibes  t h e  o b j e c t i v e s  and i n i t i a l  r e s u l t s  of  a Thermal 
B a r r i e r  Coat ing  (TBC) L i f e  P r e d i c t i o n  Model Development Program. 
t lh is  program, which i s  sponsored i n  p a r t  by NASA under t h e  HOST (Hot Sec t i on  
Technology) Program, a r e  t o :  
The goa ls  of  
o I d e n t i f y  and understand TBC f a i l u r e  modes 
o Generate q u a n t i t a t i v e  TBC l i f e  data 
o Develop and v e r i f y  a TBC l i f e  p r e d i c t i o n  model 
The c o a t i n g  be ing  s t u d i e d  on t h i s  program i s  a two l a y e r  thermal b a r r i e r  system 
i n c o r p o r a t i n g  a nominal t e n  m i l  o u t e r  l a y e r  o f  seven p e r c e n t  y t t r i a  p a r t i a l l y  
s t a b i l i z e d  z i r c o n i a  plasma deposf ted  ove r  an i n n e r  l a y e r  o f  h i g h l y  o x i d a t i o n  
r e s i s t a n t  low pressure  plasma sprayed NiCoCrAlY bond coa t ing .  
c u r r e n t l y  i s  i n  f l i g h t  s e r v i c e  on t u r b i n e  vane p l a t f o r m s  i n  t h e  JT-9D and 
PW2037 engines and i s  b i l l - o f - m a t e r i a l  on t u r b i n e  vane a i r f o i l s  i n  t h e  advanced 
PW4000 and I A E  V2500 engines. 
Th is  c o a t i n g  
E f f o r t  c u r r e n t l y  i s  i n  progress on t h e  f i r s t  t a s k  o f  t h i s  program, which 
i n v o l v e s  t h e  i d e n t i f i c a t i o n  and unders tand ing  o f  TBC f a i l u r e  modes. 
o f  c o a t i n g  damage were cons idered i n  t h i s  study: 
F i v e  modes 
o Thermomechanical ceramic f a i l u r e  
o O x i d a t i v e  bond 
o Hot c o r r o s i o n  
o Fo re ign  Ob jec t  
o E ros ion  
Pin i n i t i a l  rev iew  o f  
t h e  Dredominant mode 
c o a t  f a i l u r e  
Damage (FOD) 
exper imenta l  and f l i g h t  s e r v i c e  components i n d i c a t e s  t h a t  
o f  TBC f a i l u r e  i n v o l v e s  thermomechanical s p a l l a t i o n  of  t h e  
c:eramic c o a t i n g  l a y e r .  
dominant c rack  i n  t h e  ceramic c o a t i n g  p a r a l l e l  t o  and c l o s e l y  ad jacen t  t o  t h e  
nieta 1 -ceramic i n t e r f  ace. 
Th is  ceramic s p a l l a t i o n  i n v o l v e s  t h e  f o r m a t i o n  of a 
I n i t i a l  r e s u l t s  f rom a l a b o r a t o r y  t e s t  program designed t o  s t u d y  t h e  i n f l u e n c e  
o f  va r ious  " d r i v i n g  f o r c e s "  such as temperature,  thermal c y c l e  f requency, 
environment, c o a t i n g  th ickness ,  e t c .  on ceramic c o a t i n g  s p a l l i n g  l i f e  appears 
t o  c o n f i r m  t h e  hypothes is  i n i t i a l l y  proposed by M i l l e r  (Ref.  1). Th is  hypo- 
t h e s i s  suggests t h a t  bond c o a t  o x i d a t i o n  damage a t  t h e  meta l -ceramic  i n t e r f a c e  
c o n t r i b u t e s  s i g n i f i c a n t l y  t o  therrnornechanical c r a c k i n g  i n  t h e  ceramic l a y e r .  
Low c y c l e  r a t e  furnace t e s t i n g  i n  a i r  and i n  argon c l e a r l y  shows a dramat ic  
i nc rease  of s p a l l i n g  l i f e  i n  t h e  n o n - o x i d i z i n g  environment. A t  lower  
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t empera tures ,  on the o r d e r  o f  20OO0F, e leva ted  temperature  pre-exposure o f  TBC 
specimens i n  a i r  causes  a p ropor t iona te  reduct ion  of  c y c l i c  thermal s p a l l i n g  
l i f e ,  whereas pre-exposure i n  argon does not.  A t  h igher  temperatures ,  on the 
o r d e r  o f  2100°F, i t  appears  t h a t  a d d i t i o n a l  degrada t ion  mode(s) may be opera- 
tive. Future a c t i v i t y  will be devoted t o  confirmin this observa t ion  and t o  
i d e n t i f i c a t i o n  of add i t iona l  TBC degrada t ion  mode(s 4 . . 
Ref. 1 R.A. Miller "An Oxidat ion Model f o r  Thermal B a r r i e r  Coating 
Life", J. Am. Ceramic SOC. - 67 8 517-521 (1984). 
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